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SUMMARY AND FIGURES 

I. Within the framework of the experimental investigations /1 
undertaken by the O.N.E.R.A. at its new hypersonic installations (Fig. 3: 
Gust wind tunnels, M=7 and 10, and an arch-shaped tunnel, M=17), the 
hypersonic glider constitutes an object of activity that makes it 
possible to approach the problems of lifting capacity, of fineness, and 
of longitudinal stability at very high flight speeds. 

It is first called to mind (Fig. 1) that the hypersonic glider 
has a lift that is superior to a ballistic object only then - provided 
the same initial velocity has been imparted - when its fineness exceeds 
2; almost the entire trajectory of a glider is described at hypersonic 
speeds, and it is important to measure, in an acceptable way, the fine- 
ness that can be realized within a range of Mach numbers extending from 
20 to 5 (Fig. 2); unfortunately, the blunted shapes, which are required 
to limit the heating of the glider, are rather unfavorable as far as a 
high efficiency is concerned, and it is necessary to look for compromise 
solutions. 
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/1 11. The Reynold numbers which were obtained during these  t e s t s ,  
a r e  of t he  order  of magnitude of one-third of those t h a t  a r e  found d u r -  
ing balanced f l i g h t  f o r  a g l i d e r  having a length of 6 meters (Fig. 4 ) ;  
moreover, t he  experiments have demonstrated t h a t  t he  Reynolds number 
d i r e c t l y  a f f e c t s ,  i n  t h e  hypersonic f i e l d ,  the  increase  of t h e  drag t h a t  
i s  connected with the  phenomenon of %iscous in te r fe rence" ;  an experi-  
mental comparison (Fig. 5 )  with results obtained a t  Tullahome (V.K.F.) 
by the  use of a "standard" g l i d e r  shows the  importance of t h a t  parameter; 
on the  o ther  hand, i t  i s  not  y e t  possible  t o  analyze i t  i n  an acceptable  
manner; the  evolut ion of t he  aerodynamic f a c t o r s  of t h i s  g l i d e r  i s  given 
between t h e  Mach numbers of 2 and 10 and i s  confronted with t h e  ca lcu la-  
t i o n  t h a t  i s  made poss ib le  by Newton's theory (Fig. 6 ,7 ,  and 8) .  
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111. Beginning with a configurat ion of a "basic g l ide r "  ( d e l t a  
wing of 75O, fuse lage  above the  wing so  a s  t o  l i m i t  i t s  hea t ing  t o  t h e  
incidences of g l id ing ) ,  we have invest igated the  e f f e c t s  of t h e  thickness  
of the  f l a t  wing and of the  sweep a t  t h e  leading edge (Fig.  9 ) .  

The approximate c a l c u l a t i o n  of t he  drag a t  an incidence of zero  
by Newton's method has been performed f o r  t he  bas ic  g l i d e r  (Fig. 10)  and 
f o r  t he  var ious thicknesses  (Fig.  18) and sweeps (Fig.  20);  t h e  experi-  
mental evolut ion of t he  drag a s  a funct ion of e / l  and of +o agrees  w e l l  
wi th  t h e  t h e o r e t i c a l  a n t i c i p a t i o n s .  

Newton's c a l c u l a t i o n  of t h e  c h a r a c t e r i s t i c s  of l i f t i n g  capac i ty  
and induced drag ( tak ing  i n t o  account the  gradual disappearance of t he  
fuse l age  above the  wing) a s  functions of t he  incidence accounts f o r  t he  
experimental  evolu t ion  a s  measured i n  the  ARCH tunnel  a t  1 7  Mach, 
(Fig. 11) , p a r t i c u l a r l y  f o r  high incidences.  

The aerodynamic p rope r t i e s  of t h e  bas ic  g l i d e r  ( s t r i o s c o p i c  
p i c tu re s :  Fig.  26) have been supplied f o r  Mach numbers ranging from 0.5 
t o  1 7  (Fig. 12 t o  15): t he  cont inui ty  of t h e  resu l t s  obtained w i l l  be 
noted during the  t r a n s i t i o n  from the c l a s s i c a l  supersonic s t a t e  t o  the  
hypersonic one; a l s o  noted w i l l  be  t h e  r e l a t i v e  importance of t he  bottom 
drag  under moderate supersonic condi t ions and of t h e  v iscous  in t e r f e rence  
under high hypersonic condi t ions.  

 he rhsrac+=ristics nf l i f t i n g  capacity and drag a t  very l a r g e  
f l i g h t  incidences a r e  important t o  know f o r  t he  inves t iga t ion  of the  
f i r s t  phase (high a l t i t u d e  braking) of a re -en t ry  of a g l i d e r  from space; 
t h e  experimental  resu l t s  t h a t  were obtained a t  M=10 up t o  an incidence 
of 90° (Fig. 16) follow well  the  evolut ion a s  an t i c ipa t ed  on the  b a s i s  
of Newton's simple theory.  

Changes of t he  thickness  of t h e  wing br ing  about s o l e l y  a decalage 
of t he  po la r s  (3 thicknesses  a t  M=10, Fig.  1 7 )  while s t r e s s i n g  the  sweep 
makes i t  poss ib l e  t o  improve the  fineness (3 sweeps a t  M = 7 ,  Fig. 19);  
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f i n a l l y ,  the  evolu t ion  of the minimum drag and of t he  f ineness  a s  func- /2 
t i o n s  of t he  Mach number (Fig. 20) shows t h a t  t he  e f f e c t  of t he  thick-  
ness  (2.35 and 4.7%) and of t he  wingsweep (75O and 80') i s  being pre- 
served throughout t he  e n t i r e  area of high-speed f l i g h t .  

111 (s ic ! ) .  Inasmuch a s  the  lengthwise s t a b i l i t y  i s  concerned, 
the  f a c t  t h a t  t he  fuselage gradual ly  disappears i n  t h e  %hadow" of t he  
wing a s  the  incidence increases  leads ,  i n  t he  hypersonic f i e l d ,  t o  es- 
s e n t i a l l y  nonl inear  curves ,  and the  margin of s t a b i l i t y  t o  be considered 
i s  the  one which e x i s t s  near  the  maximum f ineness  where the  e f f e c t  of the  
fuse lage  has p r a c t i c a l l y  disappeared. In  regard t o  the  longi tudina l  
balance,  it appears t h a t  an adaptat ion of t he  plane of t he  wing y i e l d s  
a higher  aerodynamic r e tu rn  than the  downward tu rn  of sur faces  cont ro l -  
l i n g  t h e  t r a i l i n g  edge: t he  experiments show t h a t  a remarkable "noseup" 
torque can be obtained i n  t h a t  way, e i t h e r  by fo ld ing  the  fo repa r t  of 
t he  wing plane (folded d e l t a  of 75O, compared here  t o  the  s o l u t i o n  of a 
"low fuselage" a t  M=7: Fig. 23), o r  by c i r c u l a r  cambering of t he  skele-  
t on  (gothic  wing of 75O: 
l i shed  the  requirement of an evolut ion of t he  rad ius  of t he  leading edge 
t h a t  i s  propor t iona te  t o  the  cosinus of t he  l o c a l  sweep - t h a t  l eads  t o  
a t h i n  t r a i l i n g  edge which makes i t  poss ib le  t o  have a b e t t e r  degree of 
f ineness  a t  moderate speeds where the  bottom drag becomes important;  but  
i t  a l s o  leads  t o  a considerable  drag i n  the  hypersonic f i e l d ,  due  t o  the  
l a r g e  diameter of t he  bow; the  "gothic" form of the  leading edge a l s o  
permits  a b e t t e r  f ineness  than the  d e l t a  wing of the  same thickness  ( f l a t  
wing) and of t he  same d a r t - l i k e  form (Fig. 22), bu t  i t  ev ident ly  causes 
more hea t ing  near  t h e  bow because the  sweep i s  weaker there .  

Fig. 24);  i n  t h e  l a t t e r  case ,  we have estab-  

I V .  A preliminary inves t iga t ion  of t h e  hea t ing  t h a t  occurs on 
t h e  lead ing  edge of a sweptback wing was undertaken a t  Mach=lO (Fig. 25) 
i n  order  t o  b r ing  t h e  experimental methods and the  methods of ana lys i s  
up-to-date;  t he  model (which represents  t h e  fo repa r t  of a d e l t a  wing of 
75' wi th  c i r c u l a r  leading edge) comprises, l oca l ly ,  a t h i n  coa t ing  
equipped with thermocouples; the  rise of the  temperature during the  s h o r t  
t i m e  when the  model i s  introduced i n t o  t h e  hot  hypersonic je t s t ream,  
makes i t  poss ib l e  t o  undertake the  measurement of t h e  flow by taking i n t o  
account the l a t e r a l  l o s ses  a s  estimated on t h e  b a s i s  of t he  ana lys i s  of 
t h e  temperature air both sides n f  the  s topping point ;  f i n a l l y ,  the  flow 
measured a t  the  nose-end of the  leading edge seems t o  decrease iii a 
l i n e a r  manner a s  t he  sweep increases;  f o r  pronounced sweeps, however, t he  
experimental  development i s  c lose  t o  t h a t  of ~ 0 ~ ~ 1 ~ 5 6 .  

/3 
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I Fig. 26 Basic g l i d e r , A  - of 7 5 0  a t  i o 
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